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ABSTRACT 
The determination of the Stark broadening parameters of Sn ions is useful for astrophysicists 
interested in the determination of the density of electrons in stellar atmospheres. In this paper, 
we report on the calculated values of the Stark broadening parameters for 171 lines of Snm 
arising from 4d105sns (n = 6-9), 4d105snp (n = 5, 6), 4d105p2, 4d105snd (n = 5-7), 4d105s4f 
and 4d105s5g. Stark linewidfhs and line shifts are presented for an electron density of 1023 i rr3 
and temperatures T = 11 000-75 000 K. These have been calculated using a semi-empirical 
approach, with a set of wavefunctions obtained from Hartree-Fock relativistic calculations, 
including core polarization effects. The results obtained have been compared with available 
experimental data. These can be used to consider the influence of Stark broadening effects in 
A-type stellar atmospheres. 
Key words: atomic data - atomic processes. 
1 INTRODUCTION 
The Stark broadening parameters of Sn in spectral lines are of in-
terest not only for astrophysical purposes but also for plasma di-
agnosis, research into regularities and systematic trends and the-
oretical considerations. In astrophysics, the presence of elements 
beyond the iron group has been discovered in the atmospheres of 
the cold DO white dwarfs, HD 149499 B and HZ 21. Photospheric 
lines of tin are observed in the ultraviolet spectra of HD 149499 
B, obtained using the Far Ultraviolet Spectroscopic Explorer, the 
Goddard High Resolution Spectrograph and the International Ul-
traviolet Explorer. The spectral lines of neutral tin are present in the 
spectra of A-type stars (Adelman, Bidelman & Bidelman 1979), and 
interstellar singly ionized tin has been detected in several stars: 15 
Mon, 23 Ori, it Sco, 1 Sco and g Oph (Hobbs et al. 1993; Savage & 
Sembach 1996; Sofia, Meyer & Cardelli 1999). These measure-
ments have demonstrated that tin is exchanged between the gas and 
dust phases of the diffuse interstellar medium. In this way, Proffltt, 
Sansonetti & Reader (2001) determined the tin abundance of the 
early B main-sequence star, AV 304, in the Small Magellanic Cloud 
using the 1313.5-A resonance line of Sniv. Simic et al. (2008) and 
Simi (2009) investigated theoretically the influence of collisions 
with charged particles on heavy metal spectral-line profiles for Sn in 
in the spectra of A stars and white dwarfs. Also, Sn plasmas are 
being intensively studied as a candidate for the extreme ultraviolet 
light source for next-generation micro lithography (Harilal, O'Shay 
& Tillack 2005; Sasaki et al. 2009). 
In a pulse tin discharge, Kieft et al. (2004) determined Stark 
broadening parameters for the 5371.1-, 5292.7-, 5351.0- and 
5226.2-Á lines of Sn in. In 2007, Djenize (2007) measured the Stark 
broadening parameters for seven spectral lines of Sn in ranging be-
tween 2000 and 7000 Á. 
Previously published theoretical studies of the Stark parameters 
of Sn in are scarce (Kieft et al. 2004; Simic et al. 2008; Simi 2009). 
Kieft et al. (2004) present the theoretical parameters of the Stark 
broadening of the experimentally investigated spectral lines men-
tioned above. They use the Griem (1968) approach, but they do 
not indicate the method used to calculate the r2 matrix elements 
that are required. Simic et al. (2008) have carried out calcula-
tions for the 5 226.2-A line of Snm by using both the full semi-
classical perturbation approach (Sahal-Brechot 1969a,b) and the 
semi-empirical approach - the so-called modified semi-empirical 
method (Dimitrijevic & Konjevic 1980). In both cases, the matrix 
elements used were obtained using the method of Bates & Damgaard 
(1949). 
In this paper, we present the Stark broadening of 171 lines of 
Sn in arising from 4d105sns (n = 6-9), 4d105snp (n = 5, 6), 4d105p2, 
4d105snd (n = 5-7), 4d105s4f and 4d105s5g. Stark widths and shifts 
are presented for an electron density of 1023 m~3 and tempera-
tures T = 11 000-75 000 K. These have been calculated using a 
semi-empirical approach with a set of wavefunctions obtained from 
Hartree-Fock relativistic calculations, including core polarization 
effects. The values presented are compared with the experimen-
tal and calculated values that can be found in the references. We 
have studied the regularity of the Stark broadening parameter versus 
temperature. The regularity of the Stark broadening of the 5226.2-A 
Sn in spectral line versus temperature has been compared with the 
theoretical trends deduced by other authors. 
2 THEORETICAL CALCULATIONS 
Based on the original formulation of Baranger (1958) and the 
use of an effective Gaunt factor, proposed by Seaton (1962) and 
Van Regemorter (1962), Griem (1968) suggested a simple semi-
empirical impact approximation. The Stark linewidth and Stark 
line shifts can be calculated from the following semi-empirical 
formulae: 
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Here, <¿>se and d are the Stark linewidth and shift, respectively, in 
angular frequency units, EH is the hydrogen ionization energy, Ne is 
the free electron perturber density, T is the electron temperature, E = 
(3/2)kT is the mean energy of the perturbing electron and gx and gst¡ 
are the effective Gaunt factors suggested by Niemann et al. (2003). 
These factors are slowly varying functions of x¡;¡ = E/AE¡i¡, where 
AE¡'¡ is the energy difference between a perturbing level /' and the 
initial level /. The indices / a n d / denote the initial (upper) and 
final (lower) levels of the transition, respectively. <¿>se is the half 
width at half-maximum (HWHM) of the Lorentz profile in angular 
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Figure 1. Energy level diagram of Sn in (Moore 1958). 
(FWHM) line a> in wavelength units, through the expression a> = 
(oseX2/(nc). 
The atomic matrix elements were obtained using relativistic 
Hartree-Fock calculations and configuration interaction in an in-
termediate coupling (IC) scheme. The code of Cowan (1981) was 
selected for this calculation. The experimental levels used for the 
calculations have been taken from the tables of Moore (1958). We 
have included the three levels of 4d55s25p reported by Dunne et al. 
(1999). Fig. 1 displays a Gotrian scheme of the Sn in energy levels 
used in this work. 
The system considered is complex, with high Z (atomic num-
ber) where both relativistic and correlation effects are expected 
to be important. Following the suggestions of Migdalek & Bay lis 
(1978), we have included in our calculations the core polarization 
effects. 
The basis set used in this work consists of 10 configurations of 
even parity, namely, 4d105s2, 4d105p2,4d105sns (n = 6-9), 4d105snd 
(5-7) and 4d105s5g, and five configurations of odd parity, namely, 
4d105snp (5-6), 4d105s4f, 4d105p5d and 4d95s26p. The wavefunc-
tions obtained in this description have been used in this work to 
obtain the matrix elements. A more detailed description of these 
calculations is presented in Colón & Alonso-Medina (2010). 
3 RESULTS AND DISCUSSION 
Our results for the Stark linewidth (FWHM) and line shift at an 
electron density of 1017 cirT3 and several temperatures T = 11 600-
75 000 K are displayed in Tables 1^1. Columns (2) and (3) give the 
corresponding transition array and the multiplet. The wavelengths 
(in A) and the temperatures (in K) are shown in columns (4) and 
(5). Stark broadening linewidths (in pm) are displayed in column 
(6). The last column displays the theoretical Stark line shift. 
In Tables 2 and 4, we compare our values with those measured 
and calculated in the references. We have found experimental val-
ues for 11 Snm lines (measured by Kieft et al. 2004 and Djenize 
2007). When comparing these with our results, we have found good 
agreement in five of the transitions studied, as can be observed in 
the above-mentioned tables: 5371.1 and 5226.2 A (both have been 
measured by Kieftet al. 2004), 2896.8, 2632.6 and 2070.7 Á (these 
last three lines have been measured by Djenize). Fig. 2 displays the 
calculated Stark widths FWHM [(o(A)] and Stark line shifts [d(A)] 
versus temperature for the 1570.4- and 2896.8-A Snm lines. 
Fig. 3 displays the calculated Stark widths FWHM versus tem-
perature for the 5226.2-A line. In this figure, we compare our cal-
culations with the experimental value and with that calculated by 
other authors. As can be seen, all the calculations are near to the 
experimental value measured by Kieft et al. (2004), inside the error 
margins. As can be expected, the value calculated by Kieft et al. 
(2004) underestimates the experimental value. 
In the six remaining lines, it can be seen that our values are above 
the experimental values found. 
It is well known (Konjevic 1999) that for some ionic spectral 
lines there are large discrepancies between the experimental results 
obtained for the Stark broadenings and the theoretical results for 
these broadenings, when they have been calculated using the Griem 
(1968) approach. This situation can be attributed to the difficul-
ties in using equations (1) and (2). As indicated (Dimitrijevic & 
Konjevic 1980), there are two problems that can explain the ac-
curacy of the application of these equations in multiply ionized 
Table 1. Snm 4d» 
normalized to Ne = 
5sns linewidths (FWHM), «(pm) and shifts, ¿(pm), 
Line Transition Multiplet Wavelength T 
no array (kf (103 K) 
1 5p-6s 3P0-3Si 1161.6 
2 5p-6s 3 P i - S i 1184.3 
3 5p-6s 3P2-3Si 1243.6 
5p-6s 'P i - 3 Si 1674.3 
5p-6s 3Pi- 1S 0 1131.3 
5p-6s 'Pi- 'So 1570.4 
5p-7s 3Po-3Si 751.1 
5p-7s 3Pi-3Si 
10 5p-7s ' P i - S i 
760.5 
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'Pi-3Si 
3Pl- 3S! 
3P 2- 3S! 
'Pi-3Si 
3Pl- 3S! 
































































































































































(A)° r (103 K) (pm) 
d 
(pm) 
6p-9s 3Po-3S! 1678.9 
32 6p-9s 3Pi-3Si 1686.7 
33 6p-9s 3P2-3S! 1722.2 


































































































Table 2. Sn m 4d l ü5snp and 4d1 05p2 linewidths (FWHM), «(pm) and shifts, 
¿(pm), normalized to Ne = 10 m 
experimental and theoretical values. 






(103 K) (pm) 
d 
(pm) 
-5p 'So-'Pi 1811.7 
-5p 'So-'Pi 1251.4 
6s-6p 3Si-3Po 4925.7 















































































Line Transition Multiplet Wavelength T 







5s2-6p 'So-1 Pi 
6s-6p 3S!-3P! 
6s-6p 'So-3 Pi 
3Po-3Pi 
5p2-6p lV2-Vi 













































































































































































































T a b l e 2 - continued T a b l e 2 - continued 
Line Transition Multiplet Wavelength T 
no array (A)" (103 K) 
14 5d-6p ' D 2 - 3 P i 
15 6s-6p 





21 5s 2 -6p 
22 
23 
3 S ! - 3 P 2 
5d-6p 3 D ! - 3 P 2 









6s-6p 3 S 1 - 1 P 1 4331.4 

























































































































































































































29 5p-5p 2 
30 5p-5p 2 
5p-5p 2 




(103 K) (pm) 
5p 2 -6p ' D j - ' P i 
5p 2 -6p 3 P 2 - ' P i 
' D j - ' P i 
' D j - ' P i 
3 P i - 3 P o 
' P i - 3 P o 
3 Po- 3 Pi 
















































































































































































































T a b l e 2 - continued 
Line Transition Multiple! 
no array 
33 5p-5p 2 
34 5p-5p 2 
35 5p-5p 2 
36 5p-5p 2 
37 5p-5p 2 
38 5p-5p 2 
39 5p-5p 2 





3 P 2 - 3 P i 
' P i - 3 P i 
3 P i - 3 P 2 
' P l - 3 P 2 
3 P i - ' D 2 








1 P i - 1 D 2 2070.7 
(pm) 
"Moore (1958). 
"Kieft et al. (2004). 
cSimic et al. (2008) - the Sahal-Bréchot approach. 




























































































































































































Table 3 . S n m 4 d r 
normal ized to Ne = 
'5snd l inewidths ( F W H M ) , s i (pm) and shifts, ¿ ( p m ) , 
Line Transition Multiplet Wavelength T 
no array (A)" (103 K) 
1 5p-5d 3 P 0 - 3 D ! 1139.3 
2 5p-5d 3 P i - D ! 1161.1 
3 5p-5d 3 P 2 - 3 D ! 1218.1 
4 5p-5d ' P i ^ D i 1628.4 
5p-5d 3 P i - 3 D 2 1158.3 
5p-5d 3 P 2 - D 2 1215.1 
5p-5d lPi-V2 1623.0 
5p-5d 3 P 2 - 3 D 3 1210.5 
5p-5d 3 P i - 1 D 2 1010.9 



























































































































































































































1 P i - 1 D 2 
3 P o - 3 D ! 
3 P i - 3 D ! 
3 P 2 - 3 D ! 
' P i - ' D i 
3 P i - 3 D ! 
3 P 2 - 3 D ! 















































































































































































































































(103 K) (pm) 
3 P i - 3 D 2 
3 P 2 - 3 D 2 
' P i - 3 D 2 
3 P i - 3 D 2 
3 P 2 - 3 D 2 
3 F 2 - 3 D 2 
3 F 3 - 3 D 2 












































































































































































































































(Ay r (103 K) (pm) 




' F , - 3 ! ^ 
1Pi-1D2 
3 Pi - 'D 2 















































































































































































































Line Transition Multiplet Wavelength T 
















































































































































































































































(103 K) (pm) 
3P2-3D! 
'P i - 'Di 
3Pi-3D2 
3P2-3D2 
'P i - 3D 2 
3P2-3D2 































































































































































































































(103 K) (pm) 
3F3-3D2 




3 Pi - 'D 2 
5p-7d 3 P 2 - 'D 2 


























































































































































































































(103 K) (pm) 
3 Pi - 'D 2 2039.1 
3 P 2 - 'D 2 2091.3 
2149.1 
^ 3 - ^ 2 3343.1 






















































































































Table 4. Snm 4d105s4f and 4d105s5g linewidths (FWHM), «(pm) and 
shifts, ¿(pm), normalized to Ne = 1023 m~ 3 . Linewidths compared with 




(A)» r (103 K) (pm) 
d 
(pm) 
5pMf 3Pi-3F2 2033.0 












































Line Transition Multiplet Wavelength T 













































































































































































































































(103 K) (pm) 
5pMf 3 P 2 - F 3 
5d-4f ' D J - ' F J 
5d-4f ' D J - ' F J 
































































































































































































































(Ay r (103 K) (pm) 
d 
(pm) 
22 4f-5g 'F3-3G4 3786.7 
23 4f-5g 3F4-3G5 3746.4 
24 4f-5g 3 F 3 J G 4 3733.8 
































































































atoms. The first problem is that on many occasions we do not have 
complete information on the set of the matrix elements that are 
required in the calculation. The second problem comes from the 
semi-empirical nature of the Gaunt factor. In equation (1), the r2 
matrix elements required in the calculations are part of the ad-
dends all affected by a positive sign. So, the estimated value of all 
monomials of the second member is cumulative in the final result. 
Therefore, the lack of any of the required matrix elements gives 
lower results than should occur. In our case, the use of a large set 
of theoretical matrix elements (some of which could not be com-
pared with experimental measurements in the literature) could be 
an explanation for the overestimation of theoretical values that we 
present in this paper. Our overestimation does not seem to be the 
result of an overestimation of the matrix elements used in the cal-
culations; these matrix elements were obtained in a previous work 
(Colón & Alonso-Medina 2010) and they were used with success 
in the calculation of transition probabilities and level lifetimes of 
Sn in. We think that this overestimation is therefore a result of the 
relative weight of the Gaunt factor considered. 
To take this situation into account, other authors have per-
formed calculations with various approaches, in an attempt to avoid 
these problems: in the semi-classical approach of Sahal-Brechot 
(1969a,b), but only for the 5226.2-A line. In Fig. 3, we can see that 
our approach is in the same range as the other approaches and that 
all approaches are compatible with the experimental value. 
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Figure 2. Stark width FWHM [co (Á)] and Stark line shift [d (Á)] versus temperature for 1570.4- and 2896.8-Á Sn in lines at an electron density of 1023 cm 3 . 




• Simic et al (Sahal-Brechot approach) 
- Simic et al (Griem modified approach) 
A
- Kieft experimental 
* Kieft theoretical 
50 100 150 
Temperature ( x 103 K) 
200 250 
Figure 3. Stark width FWHM [<D (A)] versus temperature for the 6s So-6p 
1
 Pi line of Sn in (5526.2) A at an electron density of 1023 cm~3. 
In order to obtain new calculations, more precise measurements 
are necessary and over a larger range of temperatures so that we can 
carry out adjusted comparisons. 
We have not compared the displacements. In equation (2), the 
monomials are affected by changing signs and these are added or 
subtracted from the final result. Therefore, we cannot ensure that 
will be the effect of not including any monomial. 
In conclusion, by using the Cowan code and including core po-
larization effects, we have obtained the matrix elements necessary 
to calculate the Stark broadening parameter of Snin spectral lines. 
Clear trends in the Stark widths are seen in our results. 
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